The (1-phenylethylidene)2-pyridylamidrazone (L4). All these complexes were isolated as their hexafluorophosphate salts and fully characterized by spectroscopic and analytical techniques. The molecular structure of complexes (1), (3), (4), (7) and (8) 
Introduction
The chemistry of half-sandwich organometallic complexes has evolved as a versatile subject of research during the past few decades due to its wide application in biological and medicinal fields [1] [2] [3] [4] . Organometallic half-sandwich compounds of the general formula [Cp*MCl(LLʹ)] (M = Rh, Ir and LL' = N,N or N,O donor ligands) have been extensively studied for their cytostatic activity, DNA binding, cellular uptake and as DNA intercelators [5] [6] [7] [8] [9] . Rhodium and iridium complexes have also been investigated as an alternative to platinum based drugs mainly because of their water solubility and lability towards ligand exchange [10, 11] . Recently Therrien et al. reported dinuclear dithiolato bridged rhodium and iridium complexes which exhibit cytotoxicity against human ovarian cancer cells lines (A2780 and A2780cisR) [12] . C-H activated cyclometallated Rh(III) and Ir(III) complexes can effectively bind to DNA and protein through electrostatic and hydrophobic interactions [13] . Iridium complexes of dihydroxybipyridine are active catalysts for homogenous water oxidation under mild reaction conditions [14] . Rh(III) and Ir(III) polypyridyl complexes exhibits strong antiproliferative activity towards human cancer cell lines and are also capable of binding to DNA [15] . A number of half-sandwich Ir(III) complexes have been reported by Sadler et al. with chelating C, N and pyridine ligands and N, N donor ligands which showed strong anti-proliferative activity [16, 17] .
Pyridyl azines represent an important class of organic compounds with interesting properties having wide applications in various areas [18] . Open chain diazine Schiff base ligands linked by a single N-N bond are of great interest due to its rotational flexibility around the N-N bond and potential donor sites which can give rise to a rich variety of coordination compounds with different binding modes [19] . The N-N bridging ligand plays a crucial role in communicating the metal centers to form mononuclear, dinuclear or polynuclear complexes [20] . The diazine ligand has been employed into several transition metal azido and thiocyanato systems namely Mn(II)-azido, Cd(II)-NCS to obtain several 1D, 2D and 3D polymers which exhibit interesting magnetic properties [21, 22] . Dinuclear transition metal complexes of Cu, Zn, Mn and Ni have been reported with bridging N-N diazine ligands which give rise to strong ferromagnetic and antiferromagnetic coupling [23] . In the recent years our group has reported many half-sandwich Ru(II), Rh(III) and Ir(III) complexes with azine ligands [24, 25] . In continuation with our interest of these ligands herein we report four new azine Schiff base ligands derived from 2-pyridylamidrazone and its corresponding rhodium and iridium half-sandwich metal complexes. The complexes were tested for their cytotoxic property to selectively kill HT-29 cancer cell line against normal ARPE-19 cells.
Experimental Section

Physical methods and materials
2-cyanopyridine, 2-hydroxybenzaldehyde, 2´-hydroxyacetophenone, were obtained from Aldrich, acetophenone and 2-hydroxy-4-methoxybenzaldehyde were obtained from Alfa-Aesar.
Single-crystal X-ray structures analyses
The orange crystals of complexes (1), (3), (7) and (8) were obtained by slow diffusion of hexane into acetone or DCM solution and yellow crystals of complex (4) was obtained by diffusing hexane into DCM solution.
General procedure for preparation of ligands L1-L4
The azine Schiff base ligands (L1-L4) were prepared by two step procedure.
In the first step 2-pyridylamidrazone was prepared, by following a reported procedure [26] . 2-cyanopyridine and hydrazine hydrate were dissolved and stirred in absolute ethanol overnight to give 2-pyridylamidrazone as yellow crystalline solid which was used in the next step without further purification (Scheme 4.1). In the second step (5 mmol) of aldehyde or ketone and 2-pyridylamidrazone (5 mmol) was refluxed in 10 ml ethanol for 5 hours (Scheme 4.2). The products obtained after cooling the solution were filtered off washed with cold methanol and diethyl ether and dried in vacuum. 
Results and discussion
Synthesis of ligands and complexes
The azine Schiff-base ligands (L1-L4) were prepared by the reaction of 2-pyridylamidrazone and the respective aldehyde or ketone in absolute ethanol medium. The metal complexes (1) (2) (3) (4) (5) (6) (7) (8) were synthesized by the reaction of Rh/Ir metal precursors with the azine Schiff-base ligands. The cationic complexes were isolated with PF 6 counter ion. All these metal complexes were obtained in good yields and are yellow in color. They are stable in air as well as in solid state, and are non-hygroscopic. These complexes are soluble in common organic solvents such as dichloromethane, acetonitrile and acetone but insoluble in diethyl ether and hexane. All the synthesized ligands and complexes were fully characterized by spectroscopic techniques.
Spectroscopic characterization of ligands
The infrared spectra of the free ligand shows characteristic stretching frequencies for NH 2 , OH, C=N and C=C groups. The NH 2 and OH stretching frequencies for the azine ligand appeared in the range of 3300-3500 cm 
Spectroscopic characterization of complexes
The IR spectra of the complexes show sharp bands around 842-846 cm -1 due to the P-F stretching frequency of the counter ion [28] . The OH and NH 2 stretching vibrations in the complexes were found around 3300-3500 cm -1 . The retaining of the OH and NH 2 stretching frequencies indicates that they are not involved in bonding to the metal center.
The strong absorption band for ν C=N around 1630-1650 cm The mass spectra of the complexes further support the formation of the complexes.
In the mass spectra of the complexes (1-6) molecular ion peaks were observed at m/z: (5) The electronic spectra of the complexes were recorded in acetonitrile at 10 
Molecular structures of complexes
The molecular structures of some of the respective complexes have been elucidated by single crystal X-ray analysis. The crystallographic details and structure refinement details are summarized in Table 4 .1. The geometrical parameters around the metal atom involving ring centroid are listed in Table 4 .2. In all these complexes the ligand is coordinated to the metal atom in a similar manner with N∩N binding mode. Complex (1) and (8) crystallized in triclinic system with space group P ͞ 1. Complex (3) and (4) crystallized in monoclinic system with space group P2 1 /c whereas complex (7) (1), (3), (4) and (8) is longer than that of the uncoordinated C=N (Table 4. 2) which could be due to the back bonding of electron from metal (dπ) to π* orbital of the ligand. But in complex (7), a reverse pattern has been observed where the C=N bond length of the coordinated nitrogen {1.346 (7) (4) and (8) In the crystal structure of complex (3) and (4) (Table 4. 3). Also the crystal packing in complex (3) and (4) (3) and (4) showing intramolecular hydrogen bonding. and Cp* group. CNT represents the centroid of the Cp* ring; C ave represents the average bond distance of the Cp* ring carbon and metal atom.
Table 4.3 Selected hydrogen bonding distances (Å) and angles (°) of complexes 3 and 4.
Complexes 
Charge distribution
The charges on the individual atoms for the metal complexes obtained from NBO analysis are listed in (Table 4 .7). The charges on the Rh atom in the complexes (1), (3), (5) and (7) 
Frontier molecular orbitals and absorption spectra
The molecular orbital representation of the complexes along with their HOMO, LUMO energies and HOMO-LUMO energy gaps are shown in (Figure 4.9) . The HOMO-LUMO energy gap can be used as an important parameter in analyzing the chemical reactivity and kinetic stability of a molecule. This energy gap is also related to the hardness/softness of a chemical species [36] . The lower HOMO-LUMO energy gap is a suitable condition where a molecule can be excited easily and thereby increasing its reactivity and decreasing its kinetic stability whereas higher energy gap can lead to more kinetic stability but less reactivity. The HOMO-LUMO energy gaps for all the complexes (Table   4 .9), predicts that the most percentage of HOMO is located on the ligand itself except for complex (2) and (8) where as it is mostly present on the Ir metal. On the other hand, LUMO is located on the ligand for complexes (1) (about 97%), (2) (91%), (4) (89%), (6) (92%) and (8) (69%) whereas for complexes (3) (40%), (5) (35%) and (7) (38%), it is located on the Rh metal. Supplementary data CCDC 1477976 (1), 1477977 (3), 1477978 (4), 1477979 (7) and 1477980 (8) contains the supplementary crystallographic data for this chapter.
